IMPORTANCE Recently, tremendous prominence has been given to the investigation of the effect of different research processes as part of the Cancer Moonshot. More than half a century ago, the National Cancer Institute (NCI) established a network of publicly funded cancer cooperative research groups to systematically evaluate new treatments for efficacy and safety.
C ancer is the leading cause of life-years lost in the United States, exceeding all other diseases, including heart disease.
1 Cancer clinical trials represent a vital step in evaluating the efficacy and safety of new therapeutic approaches for cancer. Treatments proven to work in clinical trials often become new standards of care for patients with cancer. More than half a century ago, the National Cancer Institute (NCI) established a network of publicly funded cancer cooperative research groups to systematically evaluate new treatments for efficacy and safety. 2 Little attempt has been made to quantify the impact of this clinical research system in terms of population survival gains. SWOG, one of the original cooperative research groups, reached its 60-year anniversary in 2016. SWOG is a member of the NCI's National Clinical Trials Network and the NCI's Community Oncology Research Program. SWOG was launched as a pediatric oncology group in 1956 under the name Southwest Cancer Chemotherapy Study Group. In 1958, the NCI directed the study group to extend its mandate to adult cancers. In 1973, the group was renamed the Southwest Oncology Group, later shortened to SWOG. The group now conducts cancer treatment trials for a variety of different cancers in adults.
It has approximately 12 000 members from cancer clinics and centers at more than 650 institutions around the United States, with more than 200 000 patients previously enrolled to SWOG trials and approximately 80 trials now active. 3 Recently, tremendous prominence has been given to the investigation of the impact of different research processes as part of the Cancer Moonshot. 4 In this context and given the history and durability of the cooperative group structure, we examined the extent to which positive SWOG cancer treatment trials over the decades have benefited patients with cancer in the US population in terms of extending life.
Methods
We first established the denominator of all randomized phase 3 treatment trials conducted by SWOG during the course of its 60-year history. The estimation of impact was based solely on new treatments derived from trials that showed a positive overall survival benefit in favor of the experimental arm according to the prespecified protocol design. Overall survival was defined as the time from registration or the beginning of administration of chemotherapy until death due to any cause. Alive patients, including those lost to follow-up, were censored at the date of last contact if it occurred before 5 years.
To better represent community practice, treatments with positive overall survival benefits that were too toxic for investigators to recommend as new treatment were excluded. The outcome of trials with respect to overall survival was identified through article publication or internal reports of studies or through analysis of patient-level data available in the SWOG database. Information on ethical review and informed consent of participants for each of the trials was included in their study reports. Institutional review board approval of the study was not required because this analysis used secondary data that were not identifiable.
Analytical Framework
We used life-years gained as the primary measure. We estimated life-years gained from positive SWOG treatment trials using a counterfactual modeling approach. We assumed that any new, trial-proven treatment would become the standard of care in the cancer treatment community beginning at the time of initial publication of the trial results. To establish a common impact across a panel of diverse cancer types, we assumed that the treatment effect from the new, trial-proven treatment endured for 5 years based on visual inspection of the survival functions by arm for the trials included in the analysis. Also, we assumed that the beneficial effect of the new treatment would endure for all future patients with the given cancer diagnosis.
Estimation of Life-years Gained
To estimate life-years gained, we mapped the treatment effect of new treatments onto the US cancer population using data from the Surveillance, Epidemiology, and End Results 9 registry areas. 5 For each positive trial, we matched the major cancer type, stage, prior cancer, surgery, sex (where appropriate), age (ie, ≥18 years), and tumor characteristic eligibility criteria from the SWOG trial to corresponding data in the Surveillance, Epidemiology, and End Results program to estimate the number of patients in the United States to whom the new treatment would apply. Calculations were conducted separately by 5-year age intervals (because the number of lifeyears an individual may live varies by age) and were further calculated for each yearly cohort of patients with a given cancer type beginning the year of trial publication until the end of the estimation period. Given that the Surveillance, Epidemiology, and End Results 9 registry areas have consistently represented 9.5% of the US population over time, we inflated each age-specific and year-specific estimate of the number of patients with a given cancer by approximately 10.5 (1 divided by 0.095). We used the area under the Kaplan-Meier survival curve (AUSC) to estimate life-years lived for an average individual.
hazard ratio for overall survival from the trial. To estimate residual AUSC in the posttreatment benefit period (ie, after 5 years), we assumed (conservatively) that maximum survival extended only until the mean (age-specific) half-life, as indicated by life table data. 8 The estimation of residual AUSC was based on an exponential linear regression model, with points placed annually past the end of the treatment effect until the median half-life. The convergence to approximately zero difference between the standard treatment and new treatment curves was parameterized by a point weight parameter at the final time point at the median expected life. Higher weight parameters generated more rapidly converging curves and consequently fewer residual life-years gained. We chose a weight parameter of 100, at which overall estimates of life-years gained were found to achieve asymptotic stability: that is, further increases in the weight parameter had little impact on the area between the curves. The model is fit by nonlinear least squares "nls" in R.
9,10
The difference in the AUSCs between those with the standard treatment (STD) compared with those with the new, trialproven treatment (EXP) represents the mean life-years gained (LYG) for an average single individual due to the new treatment. This relationship is shown by the following equation: L Y G=A USC EXP −A USC STD .
eFigure 1 in the Supplement shows representative patients from SWOG trial S9008, demonstrating how more life-years gained accrue to younger patients (1.58 years for a 25-year-old patient) than for older patients (0.85 year for a 75-year-old patient). In particular, because more patients will be alive at the end of the treatment period for the experimental arm, life-years on average continue to accrue after the treatment effect has ended until the median half-life is attained or until the end of the estimation period (ie, 2015) .
We partitioned age into 14 intervals (20-25, 26-30, 31-35, 36-40, 41-45, 46-50, 51-55, 56-60, 61-65, 66-70, 71-75, 76-80, 81-85, or >85 years) . Within each age interval, there are a i individuals, and life-years gained for the individuals within the age interval i will be given by the following equation:
To obtain life-years gained within all 14 age intervals within a given year gives the following equation:
Separate calculations were performed for each successive year starting at initial trial publication. If Z is the number of years from trial publication to the end of the estimation period, then the total life-years gained is represented by the following equation:
Forward projections for 2020, 2025, and 2030 were also calculated but were based on positive trials identified through 2015 only.
Finally, we repeatedly conducted random sampling of the coefficient for the treatment effect from each trial, drawing from distributions based on the observed point estimate and its variation under a normal distribution. The upper and lower 2.5% quantiles from 500 iterations defined the 95% confidence limit (CL).
Derivation of Hazard Rates and Hazard Ratios
To estimate the hazard rate for the standard arm, we obtained yearly point estimates for overall survival from patientlevel trial data (if available) or from trial publications. In all instances, these point estimates were adjusted downward to better reflect survival patterns anticipated for patients in the cancer treatment population given that trial-treated patients have been observed to have better survival than non-trialtreated patients, predominantly in the first year after treatment initiation (eMethods in the Supplement).
11 We used the hazard ratio if it was explicitly reported in trial publications; otherwise, the hazard ratio was estimated from patient-level trial data (if available) or based on overall survival point estimates reported in the main trial publication.
Additional and Sensitivity Analyses
The treatment effect from a SWOG trial with respect to overall survival may not have translated fully into the cancer treatment community. Prior evidence suggests that trial participation explains at most 5% of the variation in survival outcomes.
11 Accordingly, we allowed the effectiveness of the translation to vary from as low as 75% of the hazard ratio for overall survival identified in the trial up to 100%. We also allowed the effect of new treatments to vary from 3 to 7 years. Finally, we allowed the model weight parameter value to estimate residual AUSC to vary, with uninform probability, within the 5 category ranges of 1:10, 11:50, 50:100, 100:200, and 200:1000. Support of the cooperative group system represents a sizable investment on the part of funding agencies. Therefore, we also estimated the US dollar return on investment from funding agencies as the ratio of the estimated total US dollars spent funding SWOG's entire treatment trial program divided by the estimate of life-years gained during the estimation period. Federal direct funding to SWOG is publicly available by fiscal year from 1985 onward.
12 Historical yearly funding amounts were inflated to constant 2015 US dollars. 13 In the absence of historical data before 1985 and given that SWOG core grants typically operate on 5-year cycles, we assumed that yearly funding before 1985 was equivalent to the yearly mean during 5 years from 1985 to 1989, representing the earliest available funding data.
Results
We identified 205 randomized trials that were activated during the 60-year history of SWOG. Life-years Gained Figure 1 shows the estimated life-years gained by SWOG trial through 2015. Recently completed trials typically generated fewer life-years than older trials. Life-years gained through 2015 ranged from 313 for trial S0777 (which was completed in 2015) to 748 000 for trial S7436. In contrast, 102 000 life-years are projected to have been gained by trial S0777 and 1.26 million by trial S7436 by 2030. In total, cumulative life-years gained from all 23 positive trials is estimated to be 3.34 million (95% CL, 2.39-4.15 million) through 2015. Figure 2 shows the pattern of cumulative life-years gained through 2015. Given the duration of time under examination, estimates of cumulative life-years gained were only modestly attenuated if new treatment uptake was assumed to occur after (rather than at) the trial publication date (3.19 million if 1 year later, 3.04 million if 2 years later, and 2.90 million if 3 years later). Based on these 23 trials alone, lifeyears gained were projected to be 4.32 million (95% CL, 3.29-5.45 million) through 2020, 5.38 million (95% CL, 3.98-6.73 million) through 2025, and 6.29 million (95% CL, 4.80-7.83 million) through 2030. Therefore, the estimate of life-years gained will almost double during the next 15 years.
Variation in Life-years Gained by Factors
We allowed the duration of the treatment effect to vary from 3 to 7 years by 1-year intervals, the effectiveness to vary from 75% to 100% of the efficacy hazard ratio, and the weight parameter to vary as specified in the Methods section. The results for life-years gained through 2015 are shown in eFigure 3intheSupplement, indicating that life-years gained were greater than 2 million under most (95%) combinations of the duration of the treatment effect, effectiveness, and weight parameter assumptions.
Return on Investment
We estimated the US dollar return on investment for funding agencies through support of a cooperative cancer clinical trials group. Based on the estimation method we specified, the total federal investment in SWOG treatment trials during the course of its 60-year history was $418 million. This amount includes the cost for conducting all trials during the period, including negative trials. Therefore, the US dollar return on investment for funding agencies is the ratio of the total expenditures to life-years gained, or $125 per life-year gained through 2015. Estimates per life-year gained are $113 for 2020, $106 for 2025, and $104 for 2030.
Discussion
During the course of its 60-year history, SWOG treatment trials with positive results for overall survival are estimated to have generated 3.34 million life-years gained in the United States. The estimated US dollar return on investment was $125 per lifeyear gained. Therefore, SWOG treatment trials have had a sizable impact on population survival for patients with cancer, at a modest cost. The national cancer mortality rate in the United States has decreased by 25% since 1991, in part due to advances in treatment.
39 Our findings are consistent with this observa- 
42-45
The total budget of the NCI was $5.2 billion in 2016, of which $151 million was designated for the NCI's National Clinical Trials Network. 46 Only a portion of that funding is further designated toward the conduct of phase 3 cancer treatment trials, even as national expenditures for cancer care in the United States were about $140 billion. 47 Our evidence indicates that the cost of this investment per life-year gained is low ($125), an estimate that will continue to decrease over time given that population life-years gained from prior positive trials are growing at a faster rate than costs for trial conduct. Investments in cooperative group clinical trials have benefited patients in ways that were not included in our model. Clinical trial discoveries have led to reductions in treatment toxicity and cancer morbidity, especially in the new era of targeted treatments. Large prevention trials conducted by the cooperative groups have identified interventions to prevent the development of new cancers and have shown that commonly used drugs and supplements are ineffective and even harmful.
48-50 Decades of NCIsponsored clinical trial design, monitoring, and analysis have generated important insights into the science of trial conduct, which has benefited the broader clinical trial community. In an era of increased data sharing, the clinical trial databases of the cancer cooperative groups promise more important insights that could serve as the foundations and hypotheses for future studies. 
Limitations
Our model for calculating life-years gained is limited due to its simplified representation of the complex manner in which new, trial-proven treatments translate to the cancer population. The model also required assumptions that do not fully represent real-world settings. We assumed that each of the trials changed practice, an assumption reinforced by the observation that almost all of the trial-proven treatments were included in common medical compendia, enabling payment coverage by Medicare. 52, 53 However, it is likely that not all of the trials changed practice alone: in some instances, trials from other research groups may also have provided positive supporting evidence for the new treatments. The model did not reflect the value of negative trials. 54 As one example, many thousands of lives have likely been saved based on randomized clinical trials showing that autologous bone marrow transplant for breast cancer (a treatment that had achieved wide dissemination in the cancer treatment community, despite lack of conclusive evidence in trials) in fact did not work. [55] [56] [57] Finally, the total research costs (as opposed to the phase 3 trial costs alone) per life-year gained for any new drug are inevitably higher because the conduct of a phase 3 comparative trial represents the end of the life cycle of treatment development, which also includes drug discovery, development, and early-stage trials. However, even accounting for these additional development costs, the investment US dollar per life-year gained is likely still modest because phase 3 trial costs comprise a substantial portion of the total drug development costs.
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Conclusions These findings quantify the impact of one of the NCI's large cooperative cancer clinical trial research groups on people touched by cancer. They show that the combined efforts of patient volunteers, clinical researchers, and cancer scientists have had a measurable impact on extending life for patients with cancer. Moreover, the amount of the investment required to produce these gains has been modest. Therefore, the NCI's investment in its cancer cooperative group research program has provided exceptional value and benefit to the American public through its research programs generating positive cancer treatment trials. 
